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(57) Abstract: 

PURPOSE: To maintain high purging ability for a long 
time by burning dust captured in a filter, forming 
the predetermined reducing atmosphere by using the 
combustion, and reducing absorbed nitrogen oxide. 
CONSTITUTION: When exhaust gas is passed 
through a filter 5, an elimination of dust and nitrogen 
oxide is carried out. When a back pressure increased 
because of accumulation of dust or absorbing ability 
for nitrogen oxide exceeds the preset value, a valve 2 
is switched, and inflow of the exhaust gas to the filter 
5 is stopped. Then, air is fed to the filter 5 by means 
of a pump, and the air and the filter 5 are heated by 
means of a heater 4. When combustion of the dust is 
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started following the heating, oxygen around the filter 
5 is consumed. At this time, an air feeding quantity is 
regulated so as to make the vicinity of the filter 5 a re- 
ducing atmosphere, and consequently, nitrogen oxide 
is reduced on a catalyst. In this way, purging ability can 
be maintained for a long time. 
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CLAIMS 

[Claim(s)] 

[Claim 1]By heating a filter which performs prehension of soot dust, and absorption of nitrogen oxides, 
burning soot dust caught by said filter, making predetermined reducing atmosphere using the combustion, 
and returning said absorbed nitrogen oxides, A regeneration method of a stripper of soot dust and nitrogen 
oxides reproducing said filter. 

[Claim 2]With a filter which has a prehension function of soot dust, and an oxidation absorption function of 
nitrogen oxides. While burning soot dust caught by said filter by heating said filter and making said 
neighborhood of a filter into hypoxia atmosphere before it purifies soot dust and nitrogen oxides and 
absorptance of nitrogen oxides or capturing capacity power of soot dust declines, A removing method of 
soot dust and nitrogen oxides completing combustion of soot dust which remains in said filter, and 
reproducing said filter after returning nitrogen oxides absorbed by said filter and recovering absorptance of 
nitrogen oxides. 

[Claim 3]With a filter which has a prehension function of soot dust, and an oxidation absorption function of 
nitrogen oxides. Purify soot dust and nitrogen oxides, and said filter is heated before absorptance of nitrogen 
oxides or capturing capacity power of soot dust declines, And while performing combustion of soot dust and 
steam reforming of soot dust which were caught by said filter by adding a steam and making said 
neighborhood of a filter into hypoxia atmosphere, A removing method of soot dust and nitrogen oxides 
completing combustion of soot dust which remains in said filter, and reproducing said filter after returning 
nitrogen oxides absorbed by said filter and recovering absorptance of nitrogen oxides. 
[Claim 4]When an oxygen supply part is provided downstream from a filter, a catalyst which has an oxidation 
function is installed downstream from said oxygen supply part and an unburnt ingredient is discharged from 
said filter, A removing method of soot dust according to claim 2 or 3 and nitrogen oxides introducing gas 
which contains oxygen from said oxygen supply part, and removing said unburnt ingredient according to 
said oxidation catalyst. 

[Claim 5]A removing method of soot dust according to claim 4 and nitrogen oxides using for heating at the 
time of filter regeneration reaction fever generated in an oxidation catalyst. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the regeneration method of the stripper of soot dust and 
nitrogen oxides available when, removing simultaneously the soot dust and nitrogen oxides which are 
discharged from a diesel engine etc. for example, and the removing method of soot dust and nitrogen 
oxides. 
[0002] 

[Description of the Prior Art]ln recent years, the air pollution by nitrogen oxides and soot dust in a 
metropolitan region poses a problem, and an immediate measure is desired. If these are roughly divided, it 
will be divided into what is discharged from the stationary source of a factory etc., and the thing discharged 
from the mobile sources of a car etc., but especially the nitrogen oxides and soot dust from a diesel rolling 
stock pose a big problem triggered by the difficulty of the yield and purification. 
[0003]ln order to solve the aforementioned problem in a diesel rolling stock, engine improvement of the 
improvement of an air-supply-and-exhaust system by an improvement of a combustion chamber, an 
improvement of a fuel injection system, supercharge, etc., exhaust gas recirculation, etc. is considered, and 
nitrogen oxides and soot dust are being reduced. In order to solve an aforementioned problem, the 
improvement of fuel or a lubricating oil is also tried. 

[0004]Development of the removal of an inflammable organic component (SOF) by an oxidation catalyst, 
prehension of the soot dust by a diesel particulate filter (DPF), a NOx reduction catalyst, etc. is furthered as 
post-processing art of exhaust gas. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in a diesel power plant, discharge control of nitrogen 
oxides and discharge control of soot dust have a relation of a trade-off, and there is a limit in those reduction 
effects only by engine improvement. The improvement of fuel or a lubricating oil also has many the problems 
and technical technical problems of cost. 

[0006]in removal of SOF by the oxidation catalyst which is post-processing art, technical problems, such as 
improvement in low-temperature activity and control of sulfate generation at an elevated temperature, occur, 
and nitrogen oxides also have the problem that it cannot control. Although the crack initiation by the 
temperature gradient at the time of reproduction is a problem and DPF is being solved by improvement of a 
regeneration method, nitrogen oxides cannot be controlled in this method. For this reason, although 



development of the NOx reduction catalyst which operates under hyperoxia conditions like diesel-rolling- 
stock exhaust gas is furthered, it is still a research stage from points, such as shortage of cleaning capacity 
and the necessity for a reducing agent. 

[0007]Thus, the conventional post-processing art had many problems, and it had the technical problem were 
difficult that any method removes nitrogen oxides and soot dust simultaneously substantially. 
[0008]This invention can remove substantially simultaneously the soot dust and nitrogen oxides which are 
discharged from a combustion engine in view of such a technical problem of a Prior art, And it aims at 
providing the regeneration method of the stripper of soot dust and nitrogen oxides which can maintain high 
removal ability over a long period of time compared with the former more, and the removing method of soot 
dust and nitrogen oxides, without using special reducing agents, such as hydrocarbon. 
[0009] 

[Means for Solving the Problem]This invention of claim 1 heats a filter which performs prehension of soot 
dust, and absorption of nitrogen oxides, It is a regeneration method of a stripper of soot dust and nitrogen 
oxides which reproduces said filter by burning soot dust caught by said filter, making predetermined 
reducing atmosphere using the combustion, and returning said absorbed nitrogen oxides. 
[0010]This invention of claim 2 with a filter which has a prehension function of soot dust, and an oxidation 
absorption function of nitrogen oxides. While burning soot dust caught by filter by heating a filter and making 
the neighborhood of a filter into hypoxia atmosphere before it purifies soot dust and nitrogen oxides and 
absorptance or soot dust capturing capacity power of nitrogen oxides declines, After returning nitrogen 
oxides absorbed by filter and recovering absorptance of nitrogen oxides, it is a removing method of soot 
dust and nitrogen oxides which completes combustion of soot dust which remains in a filter, and reproduces 
a filter. 

[0011]While this invention of claim 3 adds a steam at the time of filter regeneration, performs combustion of 
soot dust and steam reforming of soot dust which were caught by filter, for example and makes the 
neighborhood of a filter hypoxia atmosphere, After making nitrogen oxides absorbed by filter return and 
recovering absorptance of nitrogen oxides, it is a removing method of soot dust and nitrogen oxides which 
completes combustion of soot dust which remains in a filter, and reproduces a filter. 
[001 2] Furthermore, when an oxygen supply part is provided downstream from the above-mentioned filter, a 
catalyst which has an oxidation function is installed downstream from an oxygen supply part and an unburnt 
ingredient is discharged from a filter, this invention of claim 4, It is a removing method of soot dust and 
nitrogen oxides which introduces gas which contains oxygen from an oxygen supply part, and removes an 
unburnt ingredient according to an oxidation catalyst. 

[0013]This invention of claim 5 is a removing method of soot dust and nitrogen oxides which uses for 
heating at the time of filter regeneration reaction fever generated in the above-mentioned oxidation catalyst. 
[0014] 

[FunctionJIn this invention, the filter for ceramic monolithic wall style type particulates is mentioned, for 
example as an example of the filter used. This filter includes the catalyst which has a function which oxidizes 
nitric oxide to nitrogen dioxide under hyperoxia conditions, a function which absorbs nitrogen dioxide, and 
the function to return the nitrogen oxides which ****ed and were desorbed from the nitrogen oxides which 
the oxygen density absorbed in the atmosphere below a stoichiometric ratio to combustion of an unburnt 
ingredient further. As an example of a catalyst used by this invention, the catalyst which supported alkaline- 



earth metals, or a rare earth metal oxide and the precious metals to alumina is mentioned. Even nitrogen 
dioxide can oxidize nitric oxide by the oxidation of the bottom precious metals of a hyperoxia condition, and 
this catalyst can be made to absorb as a nitrate with metal, such as Ba and La, further. It can oxidize an 
unburnt ingredient while returning the nitrogen oxides which ****ed and were desorbed from the nitrogen 
oxides which were being absorbed to nitrogen, if this catalyst heats [ an oxygen density ] in the atmosphere 
below a stoichiometric ratio to combustion of an unburnt ingredient. It is thought that reduction of nitrogen 
oxides and combustion of an unburnt ingredient are the same mechanisms as a three way component 
catalyst. The multiple oxide containing Y, Ba, and Cu and the multiple oxide containing Mn and Zr may be 
used as a nitrogen oxide absorbent of this catalyst. 

[0015]The regeneration method of the soot dust of this invention and the stripper of nitrogen oxides and the 
simultaneous removing method of soot dust and nitrogen oxides are explained collectively, describing 
hereafter the composition and operation of a purge which are shown in drawing 1 . 
[0016]Usually, exhaust gas is circulated in the filter 5 and removal of soot dust and removal of nitrogen 
oxides are performed by the above-mentioned principle. When constant value with the absorptance of the 
back pressure which increases by deposition of soot dust, or nitrogen oxides is exceeded, the valve 2 
located in the filter 5 upper stream is switched, and the inflow of the exhaust gas to the filter 5 is suspended. 
On the other hand, air is supplied to the filter 5 with a pump, and the heater 4 performs heating of air and the 
filter 5. Although the combustion temperature of soot dust is usually 500-600 **, combustion at low 
temperature is attained by operation of the catalyst included in the filter 5. although the combustion 
temperature of the soot dust at the time of using a catalyst is based also on a controlled atmosphere and the 
description of soot dust ~ 300-500 ~ it becomes tens of **. If combustion of soot dust starts with heating, 
about five-filter oxygen will be consumed. Air supply is adjusted so that about five filter may become 
reducing atmosphere at this time. By this, desorption of the absorbed nitrogen oxides and reduction of the 
nitrogen oxides by partial oxidation output take place on a catalyst. When desorption of the absorbed 
nitrogen oxides is fully performed, combustion of the increase of air supply and the soot dust which remains 
in the filter 5 without burning is completed. In this way, after reproducing the soot dust capturing capacity 
power of the filter 5, and the absorptance of nitrogen oxides, cleaning capacity is maintainable over a long 
period of time by purifying exhaust gas again. 

[0017]Like a diesel rolling stock, when there are also many sulfur oxides in exhaust gas, a sulfur oxide is 

also absorbed by the catalyst, but. Since it will **** if the absorbed sulfur oxide is also exposed to an 

elevated temperature under reducing atmosphere, the fall of nitrogen-oxides absorptance can be controlled 

by burning the soot dust under reducing atmosphere at an elevated temperature further. 

[0018]lf a filter is installed in parallel and another filter purifies exhaust gas during filter regeneration of one 

of the two, purification of exhaust gas can be performed continuously substantially. 

[0019]Although here described the method by an electric heater as the filter heating method, it is also 

possible to carry out direct heating of the soot dust with microwave. 

[0020]With a strong substance of reducing power like [ if a steam is added at the time of filter regeneration ] 
the carbon monoxide which the oxygen tension near the filter could be reduced more easily and was further 
generated by steam reforming of soot dust, or hydrogen which burns easily. The conversion efficiency to 
nitrogen of the absorbed nitrogen oxides can be raised. In this case, it is desirable to make a filter contain 
the catalyst which promotes steam reforming like platinum or nickel. When desorption of the absorbed 



nitrogen oxides is completed, the operation which removes the soot dust which remained on the filter, and 
the carbon which deposited by steam reforming by combustion is the same as that of the method shown 
above. 

[0021]Although the technical problem that it is generated by partial oxidation output occurs at the time of the 
reduction to nitrogen of the absorbed nitrogen oxides, This is solvable by providing an oxygen supply part 
downstream from a filter, installing the catalyst which has an oxidation function downstream from an oxygen 
supply part, introducing the gas which contains oxygen from an oxygen supply part, and oxidizing an 
unburnt ingredient according to an oxidation catalyst. 

[0022] In the way an oxidation catalyst removes an unburnt ingredient, the reaction fever generated at the 
time of unburnt ingredient oxidation can be used for heating of a filter by installing an oxidation catalyst near 
the filter. 
[0023] 

[Example]Hereafter, the example of this invention is described, referring to drawings. 
[0024]The regeneration method of the stripper of the soot dust and nitrogen oxides concerning other 
inventions is also explained simultaneously, describing one typical example of the removing method of soot 
dust and nitrogen oxides concerning this invention using drawing 1 . Here, the stripper of soot dust and 
nitrogen oxides corresponds to the filter 5 of this example. 

[0025]in drawing 1 -- 1 - an exhaust gas introducing pipe and 2 - as for a filter and 6, an air supply part and 
4 are [ a bypass and 8 ] exhaust gas discharge pipes a filter holding container and 7 a heater and 5 a valve 
and 3. 

[0026]A below concrete example is explained in more detail. 

[0027]A total of 300 g of catalysts which contain alumina, a lanthanum trioxide, barium oxide, cerium oxide, 
and the precious metals in the exhaust gas filter of the quality of mullite of the capacity of 1 > 3 I. of < 
examples was supported. Making the lanthanum trioxide in a catalyst into 50wt%, the precious metals 
supported a total of Pt and 5 g/l of Rh(s). 

[0028]This filter 5 was installed in the exhaust air part of a direct injection diesel engine with a displacement 
of 2400 cc, the valve 2 was formed in the upstream part of the filter 5, and the bypass 7 which can discharge 
exhaust gas as it is was installed. The heater 4 was formed in filter 5 front face, and the air supply part 3 
was formed between the heater 4 and the valve 2. Space velocity was made into 60000h" 1 , and emission 
gas was analyzed by the chemiluminescence type NOx analyzer, the hydrocarbon analyzer, and the gas 
chromatograph. 

[0029]The presentations of filter 5 entrance gas at this time were about 500 ppm of nitric oxide, the sulfur 
dioxide of about 100 ppm, the amount of total hydrocarbon of about 500 ppm (methane conversion), about 
4% of carbon dioxide, about 15% of oxygen, and about 10% of water. 

[0030]Nitric oxide could carry out the extraction ratio about 90% at the time of an experiment start, and the 
extraction ratio fell with time. When the extraction ratio cut 30%, while passing the exhaust gas which 
circulates the filter 5 by the valve 2 to the bypass 7 and carrying out about 1 l/min supply of the air from the 
air supply part 3 further, heating of the heater 4 was started. When combustion of soot dust started, the 
discharged nitrogen oxide concentration became high temporarily, but it fell immediately. After the 
temperature of the filter 5 became about 650 ** and was fully desorbed from the sulfur compound, the 
amount of air supply which circulates the filter 5 was raised, and combustion of the soot dust accumulated in 



the filter 5 was completed. Usually, it was 33% when the mean clearance rate of nitrogen oxides was 
calculated from the quantity of the discharge nitrogen oxides at the time of operation, and the quantity of the 
nitrogen oxides discharged at the time of filter 5 reproduction. 

[0031]Although air was used for reproduction here, it is also possible to use a part of exhaust gas which is a 
hypoxia partial pressure as resurgent gas. In this case, more efficient reproduction is possible if the 
combustion temperature of the exhaust gas at the time of reproduction is raised by throttling using an 
inhalation-of-air diaphragm or an exhaust air diaphragm. 

[0032]The catalyst of the filter 5 used in <Example 2> example 1 was made to contain nickel oxide. It was 
made for the weight of nickel oxide to be 10wt% into a catalyst. 

[0033]First, like Example 1, perform absorption of nitrogen oxides, and prehension of soot dust, and the air 
which contained 50vol% of the steam from the air supply part 3 at the time of reproduction is circulated by 
about 1 l/min, When the temperature of the filter 5 became 650 **, supply of the steam was suspended, only 
air was circulated, and combustion of soot dust was completed like Example 1 . On this condition, from the 
quantity of the discharge nitrogen oxides at the time of operation, and the quantity of the nitrogen oxides by 
which it was generated at the time of filter 5 reproduction, when the mean clearance rate of nitrogen oxides 
was searched for, compared with the case of 38% and Example 1 , the nitrogen-oxides extraction ratio 
usually improved. 

[0034]From the above result, by adding a steam in a filter at the time of reproduction showed that the 
reduction to nitrogen of the absorbed nitrogen oxides was promoted. 

[0035]A total of 100 g of catalysts which contain alumina, Pt and Rh, and cerium oxide in the honeycomb of 
the cordierite of the capacity of 3> 1 I. of < examples was made to support, and the oxidation catalyst 16 
was prepared. 

[0036]As shown in ( drawing 2 ), the air supply part 15 for unburnt ingredient purification was formed 
downstream from the filter 13, the oxidation catalyst 16 was installed downstream from the air supply part 15 
for unburnt ingredient purification, and the heater 17 which heats the oxidation catalyst 16 was formed. 
[0037]First, absorption of nitrogen oxides and prehension of soot dust were performed like Example 1. After 
that, at the time of reproduction, air was supplied by 1 l/min from the air supply part 15 for unburnt ingredient 
purification, and the oxidation catalyst 16 was heated at 450 ** with the heater 17. Reproduction was 
performed by the same method as Example 1, when reproduction was completed, it suspended introduction 
of the air from the air supply part 15 for unburnt ingredient purification, and heating of the oxidation catalyst 
16 also suspended it. When the hydrocarbon concentration of the lower stream of the oxidation catalyst 16 
was measured by the hydrocarbon analyzer and it compared with the case of Example 1 at the time of 
reproduction, it became 17% when the amount of total hydrocarbon discharged at the time of reproduction is 
not installing the oxidation catalyst 16, and was decreasing greatly. 

[0038]As a result, it turned out that the quantity of the unburnt ingredient generated at the time of 
reproduction can be greatly reduced according to an oxidation catalyst. 

[0039]The ********** cordierite honeycomb was created for the central part in the form surrounding [ as 
shown in <Example 4> ( drawing 3 ) ] the periphery of the filter holding container 25. Honeycomb capacity 
was 1 I. By supporting a catalyst like Example 3 to this honeycomb, the oxidation catalyst 27 was prepared 
and the filter holding container 25 was installed with the wrap form. 

[0040]On the other hand, the emission gas from the filter 24 changed the channel so that the oxidation 



catalyst 27 might be passed, and it formed the air supply part 26 for unburnt ingredient purification between 
the filter 24 and the oxidation catalyst 27. The heater 28 was formed so that the periphery of an oxidation 
catalyst holding container could be heated. 

[0041]First, absorption of nitrogen oxides and prehension of soot dust were performed like Example 1 . After 
that, at the time of reproduction, air was supplied by 1 l/min from the air supply part 26 for unburnt ingredient 
purification, and the oxidation catalyst 27 was heated at 450 **. Reproduction of the filter 24 was performed 
by the same method as Example 1, when reproduction was completed, it suspended introduction of the air 
of the air supply part 26 for unburnt ingredient purification, and heating of the oxidation catalyst 27 also 
suspended it. When the time of the time of the end of desorption of a sulfur compound was measured in the 
meantime, it turned out that time is shortened by 5 by about 3/in the case of Example 1 . 
[0042]From the above result, by installing this oxidation catalyst near the filter showed that reaction fever 
could be used for heating of a filter and a filter could be reproduced efficiently by the way an oxidation 
catalyst removes an unburnt ingredient. 

[0043]Although the above-mentioned example explained the case where a filter was reproduced by 
completing combustion of the soot dust which reproduced the absorptance of the nitrogen oxides of a filter 
and was caught by the filter after that by returning the nitrogen oxides absorbed by the filter 5, If the 
capturing capacity power of the soot dust of a filter is recovered to some extent by combustion of soot dust 
performed under hypoxia atmosphere when returning the nitrogen oxides absorbed by not only this but the 
filter, after reproducing the absorptance of nitrogen oxides, it is not necessary to perform combustion of the 
still more above soot dust. 
[0044] 

[Effect of the lnvention]This invention has the strong point in which high cleaning capacity can be further 
maintained over a long period of time compared with the former, without using special reducing agents, such 
as hydrocarbon, for example so that clearly from the place described above. 
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TECHNICAL FIELD 

[Industrial Application]This invention relates to the regeneration method of the stripper of soot dust and 
nitrogen oxides available when, removing simultaneously the soot dust and nitrogen oxides which are 
discharged from a diesel engine etc. for example, and the removing method of soot dust and nitrogen 
oxides. 
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PRIOR ART 

[Description of the Prior Art]ln recent years, the air pollution by nitrogen oxides and soot dust in a 
metropolitan region poses a problem, and an immediate measure is desired. If these are roughly divided, it 
will be divided into what is discharged from the stationary source of a factory etc., and the thing discharged 
from the mobile sources of a car etc., but especially the nitrogen oxides and soot dust from a diesel rolling 
stock pose a big problem triggered by the difficulty of the yield and purification. 
[0003]ln order to solve the aforementioned problem in a diesel rolling stock, engine improvement of the 
improvement of an air-supply-and-exhaust system by an improvement of a combustion chamber, an 
improvement of a fuel injection system, supercharge, etc., exhaust gas recirculation, etc. is considered, and 
nitrogen oxides and soot dust are being reduced. In order to solve an aforementioned problem, the 
improvement of fuel or a lubricating oil is also tried. 

[0004]Development of the removal of an inflammable organic component (SOF) by an oxidation catalyst, 
prehension of the soot dust by a diesel particulate filter (DPF), a NOx reduction catalyst, etc. is furthered as 
post-processing art of exhaust gas. 
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EFFECT OF THE INVENTION 

[Effect of the lnvention]This invention has the strong point in which high cleaning capacity can be further 
maintained over a long period of time compared with the former, without using special reducing agents, such 
as hydrocarbon, for example so that clearly from the place described above. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, in a diesel power plant, discharge control of nitrogen 
oxides and discharge control of soot dust have a relation of a trade-off, and there is a limit in those reduction 
effects only by engine improvement. The improvement of fuel or a lubricating oil also has many the problems 
and technical technical problems of cost. 

[0006]in removal of SOF by the oxidation catalyst which is post-processing art, technical problems, such as 
improvement in low-temperature activity and control of sulfate generation at an elevated temperature, occur, 
and nitrogen oxides also have the problem that it cannot control. Although the crack initiation by the 
temperature gradient at the time of reproduction is a problem and DPF is being solved by improvement of a 
regeneration method, nitrogen oxides cannot be controlled in this method. For this reason, although 
development of the NOx reduction catalyst which operates under hyperoxia conditions like diesel-rolling- 
stock exhaust gas is furthered, it is still a research stage from points, such as shortage of cleaning capacity 
and the necessity for a reducing agent. 

[0007]Thus, the conventional post-processing art had many problems, and it had the technical problem were 
difficult that any method removes nitrogen oxides and soot dust simultaneously substantially. 
[0008]This invention can remove substantially simultaneously the soot dust and nitrogen oxides which are 
discharged from a combustion engine in view of such a technical problem of a Prior art, And it aims at 
providing the regeneration method of the stripper of soot dust and nitrogen oxides which can maintain high 
removal ability over a long period of time compared with the former more, and the removing method of soot 
dust and nitrogen oxides, without using special reducing agents, such as hydrocarbon. 
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MEANS 

[Means for Solving the Problem]This invention of claim 1 heats a filter which performs prehension of soot 
dust, and absorption of nitrogen oxides, It is a regeneration method of a stripper of soot dust and nitrogen 
oxides which reproduces said filter by burning soot dust caught by said filter, making predetermined 
reducing atmosphere using the combustion, and returning said absorbed nitrogen oxides. 
[0010]This invention of claim 2 with a filter which has a prehension function of soot dust, and an oxidation 
absorption function of nitrogen oxides. While burning soot dust caught by filter by heating a filter and making 
the neighborhood of a filter into hypoxia atmosphere before it purifies soot dust and nitrogen oxides and 
absorptance or soot dust capturing capacity power of nitrogen oxides declines, After returning nitrogen 
oxides absorbed by filter and recovering absorptance of nitrogen oxides, it is a removing method of soot 
dust and nitrogen oxides which completes combustion of soot dust which remains in a filter, and reproduces 
a filter. 

[001 1]While this invention of claim 3 adds a steam at the time of filter regeneration, performs combustion of 
soot dust and steam reforming of soot dust which were caught by filter, for example and makes the 
neighborhood of a filter hypoxia atmosphere, After making nitrogen oxides absorbed by filter return and 
recovering absorptance of nitrogen oxides, it is a removing method of soot dust and nitrogen oxides which 
completes combustion of soot dust which remains in a filter, and reproduces a filter. 
[0012]Furthermore, when an oxygen supply part is provided downstream from the above-mentioned filter, a 
catalyst which has an oxidation function is installed downstream from an oxygen supply part and an unburnt 
ingredient is discharged from a filter, this invention of claim 4, It is a removing method of soot dust and 
nitrogen oxides which introduces gas which contains oxygen from an oxygen supply part, and removes an 
unburnt ingredient according to an oxidation catalyst. 

[0013]This invention of claim 5 is a removing method of soot dust and nitrogen oxides which uses for 
heating at the time of filter regeneration reaction fever generated in the above-mentioned oxidation catalyst. 
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OPERATION 

[Function]ln this invention, the filter for ceramic monolithic wall style type particulates is mentioned, for 
example as an example of the filter used. This filter includes the catalyst which has a function which oxidizes 
nitric oxide to nitrogen dioxide under hyperoxia conditions, a function which absorbs nitrogen dioxide, and 
the function to return the nitrogen oxides which ****ed and were desorbed from the nitrogen oxides which 
the oxygen density absorbed in the atmosphere below a stoichiometric ratio to combustion of an unburnt 
ingredient further. As an example of a catalyst used by this invention, the catalyst which supported alkaline- 
earth metals, or a rare earth metal oxide and the precious metals to alumina is mentioned. Even nitrogen 
dioxide can oxidize nitric oxide by the oxidation of the bottom precious metals of a hyperoxia condition, and 
this catalyst can be made to absorb as a nitrate with metal, such as Ba and La, further. It can oxidize an 
unburnt ingredient while returning the nitrogen oxides which ****ed and were desorbed from the nitrogen 
oxides which were being absorbed to nitrogen, if this catalyst heats [ an oxygen density ] in the atmosphere 
below a stoichiometric ratio to combustion of an unburnt ingredient. It is thought that reduction of nitrogen 
oxides and combustion of an unburnt ingredient are the same mechanisms as a three way component 
catalyst. The multiple oxide containing Y, Ba, and Cu and the multiple oxide containing Mn and Zr may be 
used as a nitrogen oxide absorbent of this catalyst. 

[0015]The regeneration method of the soot dust of this invention and the stripper of nitrogen oxides and the 
simultaneous removing method of soot dust and nitrogen oxides are explained collectively, describing 
hereafter the composition and operation of a purge which are shown in drawing 1 . 
[0016]Usually, exhaust gas is circulated in the filter 5 and removal of soot dust and removal of nitrogen 
oxides are performed by the above-mentioned principle. When constant value with the absorptance of the 
back pressure which increases by deposition of soot dust, or nitrogen oxides is exceeded, the valve 2 
located in the filter 5 upper stream is switched, and the inflow of the exhaust gas to the filter 5 is suspended. 
On the other hand, air is supplied to the filter 5 with a pump, and the heater 4 performs heating of air and the 
filter 5. Although the combustion temperature of soot dust is usually 500-600 **, combustion at low 
temperature is attained by operation of the catalyst included in the filter 5. although the combustion 
temperature of the soot dust at the time of using a catalyst is based also on a controlled atmosphere and the 
description of soot dust - 300-500 - it becomes tens of **. If combustion of soot dust starts with heating, 
about five-filter oxygen will be consumed. Air supply is adjusted so that about five filter may become 
reducing atmosphere at this time. By this, desorption of the absorbed nitrogen oxides and reduction of the 
nitrogen oxides by partial oxidation output take place on a catalyst. When desorption of the absorbed 



nitrogen oxides is fully performed, combustion of the increase of air supply and the soot dust which remains 
in the filter 5 without burning is completed. In this way, after reproducing the soot dust capturing capacity 
power of the filter 5, and the absorptance of nitrogen oxides, cleaning capacity is maintainable over a long 
period of time by purifying exhaust gas again. 

[0017]Like a diesel rolling stock, when there are also many sulfur oxides in exhaust gas, a sulfur oxide is 

also absorbed by the catalyst, but. Since it will **** if the absorbed sulfur oxide is also exposed to an 

elevated temperature under reducing atmosphere, the fall of nitrogen-oxides absorptance can be controlled 

by burning the soot dust under reducing atmosphere at an elevated temperature further. 

[0018]lf a filter is installed in parallel and another filter purifies exhaust gas during filter regeneration of one 

of the two, purification of exhaust gas can be performed continuously substantially. 

[0019]Although here described the method by an electric heater as the filter heating method, it is also 

possible to carry out direct heating of the soot dust with microwave. 

[0020]With a strong substance of reducing power like [ if a steam is added at the time of filter regeneration ] 
the carbon monoxide which the oxygen tension near the filter could be reduced more easily and was further 
generated by steam reforming of soot dust, or hydrogen which burns easily. The conversion efficiency to 
nitrogen of the absorbed nitrogen oxides can be raised. In this case, it is desirable to make a filter contain 
the catalyst which promotes steam reforming like platinum or nickel. When desorption of the absorbed 
nitrogen oxides is completed, the operation which removes the soot dust which remained on the filter, and 
the carbon which deposited by steam reforming by combustion is the same as that of the method shown 
above. 

[0021]Although the technical problem that it is generated by partial oxidation output occurs at the time of the 
reduction to nitrogen of the absorbed nitrogen oxides, This is solvable by providing an oxygen supply part 
downstream from a filter, installing the catalyst which has an oxidation function downstream from an oxygen 
supply part, introducing the gas which contains oxygen from an oxygen supply part, and oxidizing an 
unburnt ingredient according to an oxidation catalyst. 

[0022]ln the way an oxidation catalyst removes an unburnt ingredient, the reaction fever generated at the 
time of unburnt ingredient oxidation can be used for heating of a filter by installing an oxidation catalyst near 
the filter. 
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EXAMPLE 

[Example]Hereafter, the example of this invention is described, referring to drawings. 
[0024]The regeneration method of the stripper of the soot dust and nitrogen oxides concerning other 
inventions is also explained simultaneously, describing one typical example of the removing method of soot 
dust and nitrogen oxides concerning this invention using drawing 1 . Here, the stripper of soot dust and 
nitrogen oxides corresponds to the filter 5 of this example. 

[0025]in drawing 1 -- 1 - an exhaust gas introducing pipe and 2 - as for a filter and 6, an air supply part and 
4 are [ a bypass and 8 ] exhaust gas discharge pipes a filter holding container and 7 a heater and 5 a valve 
and 3. 

[0026]A below concrete example is explained in more detail. 

[0027]A total of 300 g of catalysts which contain alumina, a lanthanum trioxide, barium oxide, cerium oxide, 
and the precious metals in the exhaust gas filter of the quality of mullite of the capacity of 1 > 3 I. of < 
examples was supported. Making the lanthanum trioxide in a catalyst into 50wt%, the precious metals 
supported a total of Pt and 5 g/l of Rh(s). 

[0028]This filter 5 was installed in the exhaust air part of a direct injection diesel engine with a displacement 
of 2400 cc, the valve 2 was formed in the upstream part of the filter 5, and the bypass 7 which can discharge 
exhaust gas as it is was installed. The heater 4 was formed in filter 5 front face, and the air supply part 3 
was formed between the heater 4 and the valve 2. Space velocity was made into 60000h" 1 , and emission 
gas was analyzed by the chemiluminescence type NOx analyzer, the hydrocarbon analyzer, and the gas 
chromatograph. 

[0029]The presentations of filter 5 entrance gas at this time were about 500 ppm of nitric oxide, the sulfur 
dioxide of about 100 ppm, the amount of total hydrocarbon of about 500 ppm (methane conversion), about 
4% of carbon dioxide, about 15% of oxygen, and about 10% of water. 

[0030]Nitric oxide could carry out the extraction ratio about 90% at the time of an experiment start, and the 
extraction ratio fell with time. When the extraction ratio cut 30%, while passing the exhaust gas which 
circulates the filter 5 by the valve 2 to the bypass 7 and carrying out about 1 l/min supply of the air from the 
air supply part 3 further, heating of the heater 4 was started. When combustion of soot dust started, the 
discharged nitrogen oxide concentration became high temporarily, but it fell immediately. After the 
temperature of the filter 5 became about 650 ** and was fully desorbed from the sulfur compound, the 
amount of air supply which circulates the filter 5 was raised, and combustion of the soot dust accumulated in 
the filter 5 was completed. Usually, it was 33% when the mean clearance rate of nitrogen oxides was 



calculated from the quantity of the discharge nitrogen oxides at the time of operation, and the quantity of the 
nitrogen oxides discharged at the time of filter 5 reproduction. 

[0031]Although air was used for reproduction here, it is also possible to use a part of exhaust gas which is a 
hypoxia partial pressure as resurgent gas. In this case, more efficient reproduction is possible if the 
combustion temperature of the exhaust gas at the time of reproduction is raised by throttling using an 
inhalation-of-air diaphragm or an exhaust air diaphragm. 

[0032]The catalyst of the filter 5 used in <Example 2> example 1 was made to contain nickel oxide. It was 
made for the weight of nickel oxide to be 10wt% into a catalyst. 

[0033]First, like Example 1 , perform absorption of nitrogen oxides, and prehension of soot dust, and the air 
which contained 50vol% of the steam from the air supply part 3 at the time of reproduction is circulated by 
about 1 l/min, When the temperature of the filter 5 became 650 **, supply of the steam was suspended, only 
air was circulated, and combustion of soot dust was completed like Example 1 . On this condition, from the 
quantity of the discharge nitrogen oxides at the time of operation, and the quantity of the nitrogen oxides by 
which it was generated at the time of filter 5 reproduction, when the mean clearance rate of nitrogen oxides 
was searched for, compared with the case of 38% and Example 1 , the nitrogen-oxides extraction ratio 
usually improved. 

[0034]From the above result, by adding a steam in a filter at the time of reproduction showed that the 
reduction to nitrogen of the absorbed nitrogen oxides was promoted. 

[0035]A total of 100 g of catalysts which contain alumina, Pt and Rh, and cerium oxide in the honeycomb of 
the cordierite of the capacity of 3> 1 I. of < examples was made to support, and the oxidation catalyst 16 
was prepared. 

[0036]As shown in ( drawing 2) , the air supply part 15 for unburnt ingredient purification was formed 
downstream from the filter 13, the oxidation catalyst 16 was installed downstream from the air supply part 15 
for unburnt ingredient purification, and the heater 17 which heats the oxidation catalyst 16 was formed. 
[0037]First, absorption of nitrogen oxides and prehension of soot dust were performed like Example 1 . After 
that, at the time of reproduction, air was supplied by 1 l/min from the air supply part 15 for unburnt ingredient 
purification, and the oxidation catalyst 16 was heated at 450 ** with the heater 17. Reproduction was 
performed by the same method as Example 1, when reproduction was completed, it suspended introduction 
of the air from the air supply part 15 for unburnt ingredient purification, and heating of the oxidation catalyst 
16 also suspended it. When the hydrocarbon concentration of the lower stream of the oxidation catalyst 16 
was measured by the hydrocarbon analyzer and it compared with the case of Example 1 at the time of 
reproduction, it became 17% when the amount of total hydrocarbon discharged at the time of reproduction is 
not installing the oxidation catalyst 16, and was decreasing greatly. 

[0038]As a result, it turned out that the quantity of the unburnt ingredient generated at the time of 
reproduction can be greatly reduced according to an oxidation catalyst. 

[0039]The ********** cordierite honeycomb was created for the central part in the form surrounding [ as 
shown in <Example 4> ( drawing 3 ) ] the periphery of the filter holding container 25. Honeycomb capacity 
was 1 I. By supporting a catalyst like Example 3 to this honeycomb, the oxidation catalyst 27 was prepared 
and the filter holding container 25 was installed with the wrap form. 

[0040]On the other hand, the emission gas from the filter 24 changed the channel so that the oxidation 
catalyst 27 might be passed, and it formed the air supply part 26 for unburnt ingredient purification between 



the filter 24 and the oxidation catalyst 27. The heater 28 was formed so that the periphery of an oxidation 
catalyst holding container could be heated. 

[0041]First, absorption of nitrogen oxides and prehension of soot dust were performed like Example 1. After 
that, at the time of reproduction, air was supplied by 1 l/min from the air supply part 26 for unburnt ingredient 
purification, and the oxidation catalyst 27 was heated at 450 **. Reproduction of the filter 24 was performed 
by the same method as Example 1, when reproduction was completed, it suspended introduction of the air 
of the air supply part 26 for unburnt ingredient purification, and heating of the oxidation catalyst 27 also 
suspended it. When the time of the time of the end of desorption of a sulfur compound was measured in the 
meantime, it turned out that time is shortened by 5 by about 3/in the case of Example 1 . 
[0042]From the above result, by installing this oxidation catalyst near the filter showed that reaction fever 
could be used for heating of a filter and a filter could be reproduced efficiently by the way an oxidation 
catalyst removes an unburnt ingredient. 

[0043]Although the above-mentioned example explained the case where a filter was reproduced by 
completing combustion of the soot dust which reproduced the absorptance of the nitrogen oxides of a filter 
and was caught by the filter after that by returning the nitrogen oxides absorbed by the filter 5, If the 
capturing capacity power of the soot dust of a filter is recovered to some extent by combustion of soot dust 
performed under hypoxia atmosphere when returning the nitrogen oxides absorbed by not only this but the 
filter, after reproducing the absorptance of nitrogen oxides, it is not necessary to perform combustion of the 
still more above soot dust. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the section of the example of the purge used by this invention. 

[Drawing 2] lt is the figure which was used by this invention and in which showing the section of the example 

of the purge provided with the oxidation catalyst. 

[Drawing 3] lt is the figure which was used by this invention and in which showing the section of the example 
of the purge which uses for filter regeneration the heat generated in an oxidation catalyst. 
[Description of Notations] 

1 Exhaust gas introducing pipe 

2 Valve 

3 Air supply part 

4 Heater 

5 Filter 

6 Filter holding container 

7 Bypass 

8 Exhaust gas discharge pipe 

9 Exhaust gas introducing pipe 

10 Valve 

1 1 Air supply part 

12 Heater 

13 Filter 

14 Filter holding container 

15 The air supply part for unburnt ingredient purification 

16 Oxidation catalyst 

17 Heater 

18 Bypass 

19 Exhaust gas discharge pipe 

20 Exhaust gas introducing pipe 

21 Valve 

22 Air supply part 

23 Heater 



24 Filter 

25 Filter holding container 

26 The air supply part for unburnt ingredient purification 

27 Oxidation catalyst 

28 Heater 

29 Bypass 

30 Exhaust gas discharge pipe 
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DRAWINGS 

[Drawing 1] 
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